Theiler's virus, a murine picornavirus, causes a chronic neurological disease characterized by primary demyelination in SJL/J mice. The lesions are very reminiscent of those of multiple sclerosis. Theiler's virus persists in oligodendrocytes and to a lesser extent in astrocytes and macrophages throughout the disease. Viral RNA and capsid protein syntheses are minimal in these cells. This restriction could play a central role in the mechanism of virus persistence. By quantitating plus-and minus-strand RNAs in infected central nervous system cells, we showed that RNA replication was blocked at the level of minus-strand RNA synthesis.
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Theiler's murine encephalomyelitis virus (TMEV), a picornavirus, causes a persistent infection accompanied by primary demyelination in the central nervous system (CNS) of SJL/J mice (10, 14) . TMEV-induced lesions are very reminiscent of those observed in multiple sclerosis in humans. Picornaviruses are generally thought of as agents of acute diseases during which the virus replicates actively in target cells. In contrast, TMEV is responsible for a chronic condition with persistence of the agent in the CNS. The mechanism by which a picornavirus persists in the face of specific immune response is one of the main questions of pathogenesis in the study of this disease. We have shown that TMEV RNA is present in oligodendrocytes and, to a lesser extent, in astrocytes and macrophages (2) . Both viral RNA and capsid protein syntheses are restricted in these cells (6, 7) , a phenomenon which could play a central role in virus persistence. In this study, we examined the step at which viral RNA replication is restricted in the CNS.
Picornavirus RNA replicates in two steps. First, genomic RNA (plus strand) functions as a template for the synthesis of a minus-strand cRNA molecule. Second, plus strands are repetitively synthesized with a small number of minus strands as templates (9) . We reasoned that if restricted RNA synthesis was the result of a block at the first step or if both steps were restricted, then the overall amount of viral RNA synthesized would be reduced without a change in the ratio of minus strands to plus strands. If, on the other hand, the second step alone was blocked, the ratio of minus strands to plus strands would be higher than that found during unrestricted viral replication. Therefore we decided to measure this ratio in the CNS of infected animals and to compare it with that found during active replication of TMEV in permissive BHK cells. The ratio of minus strands to plus strands was obtained by hybridization experiments using strand-specific RNA probes (riboprobes). The TMEV cDNA insert of plasmid pBT-4 (12) was subcloned in both orientations into the transcription vector pSP64 to obtain plus-and minus-strand-specific probes. Riboprobes were labeled as described previously (11) In a first step, dot blot hybridizations were used to determine the ratio of minus strand to plus strand of viral RNA during permissive replication in BHK cells. BHK cells were infected at a multiplicity of infection of 3 PFU per cell and were harvested at 2, 3, 3.5, and 4 h postinfection. Total cytoplasmic RNA was extracted as described previously (13) . After denaturation with formaldehyde (15), 2.5, 1, and 0.5 jig of RNA were applied in duplicate to nitrocellulose filters and hybridized with plus-or minus-strand 32P-labeled riboprobes as described earlier (8) . RNA from uninfected BHK cells was also used to measure background hybridization. Autoradiographic signals were quantitated with a densitometer. Figure 1 shows the result of the experiment. By 4 h postinfection, minus-strand RNA synthesis had reached a plateau which represented 2% of total viral RNA.
In a second step, we measured the ratio of minus strand to plus strand at the single-cell level by in situ hybridization. A previous study showed that the majority of infected CNS cells contain 100 to 500 copies of viral RNA. However, a small fraction (1 to 5%) of infected cells contain several thousand copies of viral RNA, a level similar to that ob- (5) , and hybridized in situ with 3H-labeled riboprobes. Hybridization was as described previously (4) with the following modifications. Before treatments with HCl, heat, and proteinase K, nucleic acids were denatured by immersing the slides for 1 h at 50°C in 2 M glyoxal-50% dimethyl sulfoxide-10 mM phosphate buffer (pH 7.0), followed by rinsing at 0°C with water for 10 min. Hybridization was at 37°C for 12 h, followed by washing in 2 x SSC (I x SSC is 0.15 M NaCl plus 0.015 M sodium citrate) for 5 min at 45°C. This step was repeated three times and was followed by washing in 0.1x SSC for 30 min at 60°C. Finally, slides were washed overnight in 100 mM NaCl-10 mM Tris hydrochloride (pH 7.0)-i mM EDTA. Slides hybridized with riboprobes of minus-and plus-strand polarities were exposed for 1.2 and 2.8 days and for 8 and 22 days respectively. Grains were counted on randomly selected cells, and the results were expressed as grains per cell per minute of autoradiographic exposure. We found that minus-strand RNA represented 1% of total viral RNA at 2.5 h postinfection and 2% at 6 h postinfection, a result fully in agreement with that obtained by dot blot analysis (Fig. 1) .
Longitudinal sections of the entire spinal cords of four infected SJL/J mice sacrificed 2 months after inoculation and perfused with PFG fixative (5) were hybridized as described above for BHK cells. Exposure times were 3 days and 5 weeks for the detection of plus-strand RNA and 12 days and 10 weeks for the detection of minus-strand RNA. Plus-strand viral RNA was detected in a number of cells at the site of inflammatory lesions ( Fig. 2A) . Depending on the animal, 1 to 5% of these cells contained 10-to 20-fold more grains than the rest and presumably corresponded to those cells in which RNA replication is unrestricted (6) . Minus-strand viral RNA, on the other hand, was detected in adjacent spinal cord sections only in an occasional cell, corresponding presumably to the 1 to 5% of infected cells sustaining active viral replication (Fig. 2B) . The ratio of minus-strand to plus-strand viral RNA for this cell population was 5.8 + 5% (mean ± standard error of the mean), in good agreement with that measured for BHK cells (Fig. 1) . The large error factor was due to the small number of cells available for grain counting (25 and 34 for minus and plus strands, respectively). For the majority of infected cells, however, the amount of minus-strand RNA was below the level of detection. We detected TMEV minus-strand RNA by in situ hybridization in BHK cells 2.5 h postinfection (Fig. 1) . At this time, the cells contained 500 to 1,000 viral genomes (5) , and minus strands represented 11% of total viral RNA (Fig.  1) . Therefore, the detection threshold for the minus strand is less than 5 to 10 copies per cell. Since the total viral RNA content of infected glial cells is -300 copies (6), minusstrand RNA in these cells represented less than 1.5 to 3% of the total. This ratio was very similar to that observed in permissive BHK cells (Fig. 1) , a result leading us to conclude that restricted viral RNA replication in vivo does not lead to an accumulation of minus strands, and therefore that the first step of RNA replication, minus-strand synthesis, is restricted. It will be of great interest to determine whether a cellular factor, similar to that described for poliovirus (1, 3) , is required at this step and whether this factor is absent or present in low amounts in oligodendrocytes.
